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Effects of tobacco smoking and abstinence 
on middle latency auditory evoked potentials 
Objective: To evaluate the effects of tobacco cigarette smoking and overnight abstinence on middle latency 
auditory evoked potentials among smokers and nonsmokers. 
Methods: Groups of 9 to 10 adult male and female nonsmokers and smokers participated in the study. Each 
person volunteered for two laboratory sessions conducted in the early afternoon on 2 separate days. Smok- 
ers abstained from tobacco products 6 to 15 hours before the abstinent session and maintained their usual 
smoking behavior before the smoking session. The nonsmokers had a similar laboratory experience but 
sham smoked by means of inhaling air. Middle latency auditory evoked potentials were recorded from Cz 
to both ears as reference. 
Results: The latencies of the Na and Pa potentials during the smoking session were significantly (p < 0.01) 
shorter than those in abstinent smokers and nonsmokers. After smoking, peak-to-trough amplitudes for 
the V-Na, Na-Pa, and Pa-Nb potentials were larger than those after abstinence and significantly larger 
than those among nonsmokers. 
Conclusions: The shorter latencies of the middle latency brain wave components in the smoking session 
suggest faster processing of sensory information after cigarette smoking. Larger Pa amplitudes after ciga- 
rette smoking suggest a higher arousal level than that among partially abstinent smokers and nonsmok- 
ers. (Clin Pharmacol Ther 1998;63:571-9.) 
Takuzo Kishimoto, MD,a and Edward F. Domino, MD Ann Arbor, Mich. 
Most tobacco users report that smoking produces 
mental stimulation, particularly with the first few ciga- 
rettes of the day.l Electroencephalographic (EEG) stud- 
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ies have shown that nicotine produces cortical activa- 
tion with a shift to higher EEG frequencies.2-s These 
changes are associated with arousal and resemble those 
produced in animals by means of electrical stimulation 
of the ascending reticular activating system.9 Nicotine 
acts on this system to modify the arousal level.ta-14 
Abstinence from tobacco smoking is accompanied by 
EEG signs of sedation (decrease in EEG alpha and beta 
frequencies and an increase in theta frequency).sJs 
Little is known about the effects of nicotine or tobacco 
smoking on middle latency auditory evoked potentials 
(MLAEP). The amplitude of Pa of the MLAEP (Fig. 1) 
has been shown to reflect subjects’ state of arousal.l6,l7 
Furthermore, injection of lidocaine into the mesencephalic 
reticular formation of animals produces a reduction of 
MLAEP, indicating that these auditory evoked potentials 
(AEP) receive a critical input from this brain region.18 The 
hypothesis of our research was that the amplitude of the 
Pa potential would increase immediately after smoking 
and would be reduced after abstinence, consistent with 
nicotine’s producing more arousal and its absence caus- 
ing less. These effects of tobacco smoking and abstinence 
on MLAEP may help to explain some of the motivation 
smokers have to maintain their smoking behavior. 
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Fig. 1. Reproducibility of middle latency auditory evoked potentials (MLAEP) among nonsmokers 
recorded in a pair of experimental sessions separated by about 1 week. A, First session. B, Second 
session. In each session, MLAEP recordings lasting for about 2 minutes were repeated to obtain 
three reliable responses for each subject (n = 10). ‘I’be potentials from a, b, and c represent the global 
averaged waveforms from the 10 nonsmokers’ first, second, and third 2-minute recordings in each 
session (A and B). These averaged MLABP were further averaged over the three recordings for each 
session. C, Superimposed overall mean MLAEP for all 10 nonsmokers. The early components I 
through VI and three MLAEP PO, Na, and Pa are labeled. The superimposed tracings are from the 
first session. The height of the vertical bar is 0.5 uV, positive up. The length of the horizontal bar 
is 5 msec in this figure and in Figs. 2 and 4. The two sessions produced similar MLAEP. The triun- 
gle represents the onset of the auditory stimulation in this figure and in Figs. 2 and 4. 
METHODS 
Subjects. This study was approved by the Commit- 
tee to Review Clinical Research and Investigation 
Involving Human Beings of the University of Michigan 
Medical School. Eleven adult healthy cigarette smokers 
and 10 nonsmokers were recruited from university staff 
and students by means of local advertisement. Smokers 
were required to meet the criteria of having smoked, 
through inhalation, 15 or more cigarettes per day for at 
least 1 year. The smokers completed a questionnaire to 
characterize their smoking behavior before selection for 
the study. Two of the 11 smokers recruited were 
excluded from analysis because of an elevated or zero 
plasma nicotine and cotinine level in both smoking and 
abstinence sessions as the result of obvious noncompli- 
ante with instructions. The remaining nine smokers 
were six men and three women (mean age + SEM, 29.0 
+ 2.3 years). Three smokers were white, and six were 
Asian. The mean + SEM number of cigarettes smoked 
per day was 20.2 f 1.5; duration of smoking was 10.0 
f 2.5 years. The nonsmokers were seven men and three 
women (mean age + SEM, 30.0 + 2.34 years). Three 
nonsmokers were white and seven were Asian. Subjects 
taking concurrent medication or with a history of cen- 
tral nervous system problems, such as schizophrenia, 
affective or anxiety disorders, and drug abuse, were 
excluded from the study. Subjects were paid hourly for 
time spent in the laboratory. 
Experimental design. Two laboratory sessions of about 
2 hours separated by about 7 days were conducted for each 
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smoker and nonsmoker. The pair of sessions for each sub- 
ject were held in the early afternoons about the same time 
of day, typically between 1:30 and 3:30 PM. All subjects 
were instructed to refrain from alcohol and caffeinated 
beverages for the morning period before both sessions. 
The probable differential caffeine intake between smok- 
ers and nonsmokers was not controlled. One of the two 
sessions for each smoker was designed so that the subject 
smoked cigarettes in the morning as usual (smoking ses- 
sion), whereas in the other session the subject was 
instructed to be abstinent from smoking overnight and 
through the early afternoon, at least for 12 to 15 hours 
before coming to the laboratory (abstinent session). In all 
probability, not all of the abstinent tobacco smokers 
abstained from smoking overnight through to early after- 
noon but smoked in the early morning. Therefore the absti- 
nent period was probably 6 to 15 hours. During the smok- 
ing session, one would expect the mean plasma concen- 
tration of nicotine in most cigarette smokers to reach its 
steady state in the aftemoon.t9,*0 MLAEP measurement 
was performed after subjects smoked a cigarette in the 
smoking session. In the abstinent session, the same sets 
of AEP measurements were performed with the subjects 
sham smoking air. Expired alveolar air and venous blood 
were taken to assay carbon monoxide and plasma nico- 
tine and cotinine concentrations at both the beginning and 
end of the session. Heart rate (electrocardiographic lead 
II) and arterial blood pressure (by means of auscultation) 
were measured. The two experimental sessions for each 
nonsmoker were as similar as possible to those of the 
smokers, except for the crucial variables of cigarette smok- 
ing, abstinence, venous blood withdrawal, and exhaled 
carbon monoxide measurements. 
Procedure. The smokers were asked to smoke their 
usual number of cigarettes in the morning before coming 
to the laboratory in the early afternoon for the smoking 
session. On arrival, each subject’s consent was recon- 
firmed. They were then taken to the recording room where 
alveolar carbon monoxide levels were sampled, venous 
blood withdrawn, and arterial blood pressure and heart 
rate measured. After electrode placement on the scalp, 
each subject lay down on a cot, and hearing thresholds to 
monaural stimulation for the left and right ears were esti- 
mated. The first AEP recording was then performed. 
An MLAEP recording was performed for approxi- 
mately 2 minutes and repeated until three reliable 
MLAEPs were obtained. Before the end of the session, 
alveolar carbon monoxide and venous blood were again 
sampled. Arterial blood pressure and heart rate were taken 
at the end of the session. The subjects repeated inhalation 
of a cigarette of their own brand for about 4 minutes before 
each set of three AEPs was recorded. The same procedures 
and time course were used in the abstinent session as in 
the smoking session, except that the subjects stated they 
had not smoked any cigarettes since the night before. The 
nonsmokers were examined in the same manner except 
for the sampling of alveolar air and venous blood. Exper- 
imental times were recorded manually and with an inter- 
nal computer clock for AEP acquisition. 
Auditory evokzdpotentiid recordings. The AEP were 
recorded with silver-silver chloride electrodes placed on 
vertex (Cz) and referred to linked Al and A2 electrodes 
with adhesive conductive paste. All electrode impedances 
were kept below 5 kQ. For recording MLAEP, auditory 
stimulation consisted of click tones (70 dB, 0.1 msec dura- 
tion of alternating polarity) presented every 4.1 seconds 
to the left ear through the headphones. The electrical sig- 
nals were amplified with a bandpass set at 5 to 3000 Hz 
and a time base of 0 to 50 msec. A total of 500 artifact- 
free sweeps were averaged with version 6.6 software and 
Nicolet Pathfinder I equipment (Nicolet; Analytical Instm- 
ments, Madison, Wis.). 
Assay of carbon monoxide and nicotine. The 
amount of carbon monoxide in the expired air samples 
was measured.6 The assay of plasma nicotine was per- 
formed with HPLC.*l 
Data analysis. AEP data were stored on diskettes and 
analyzed off line. MLAEP affected by nonbiologic alter- 
ation of the isoelectric line or any other artifact were dis- 
carded. Three sequential MLAEP were obtained in each 
session. These were called the first, second, or third 
MLAEP. Early short latency peaks I through VI and 
MLAEP peaks including Na, Pa, and Nb were identified 
by means of visual inspection (Fig. 1). Latencies, 
interpeak latencies, and peak-to-trough amplitudes of 
these components were scored with the aid of the Nico- 
let computer cursor program. The data from each of the 
three artifact-free MLAEP selected for each subject were 
averaged across subjects. These values were subjected 
to correlated Student t tests between the two sessions 
(smoking and abstinence) for smokers and noncorrelated 
t tests between smokers and nonsmokers. The waveforms 
of the MLAEP of each group were averaged to create a 
global mean waveform for each test group. 
RESULTS 
Plasma nicotine, cotinine, and alveolar carbon 
monoxide concentrations of smokers. With a few 
exceptions, all smokers had venous blood and expired 
alveolar air samples taken at the beginning and end of 
each session. Two of the nine smokers studied who 
showed somewhat high plasma nicotine and cotinine 
levels were noncompliant with the instruction to abstain 
from smoking for at least 12 to 15 hours.**,*3 Thus the 
a 
b 
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Fig. 2. Effects of tobacco cigarette smoking and abstinence on middle latency auditory evoked 
potentials (MLAEP) among smokers. The organization of this figure is similar to that of Fig. 1 for 
nonsmokers. However, group A potentials represent the averaged MLABP from first (a), second (b), 
and third (c) waves recorded for nine smokers averaged and abstinent for 6 to 15 hours. The aver- 
aged MLAEP for group B follow a 4-minute period of smoking one cigarette. The three tracings 
derived from each session were superimposed for the abstinence in C and after cigarette smoking in 
D. In contrast to Fig. 1, C, in which the three separate potentials II, b, and c over 9 to 10 minutes 
are very similar when superimposed, they are slightly less so for Fig. 2, C (abstinence) and much 
more for Fig. 2, D (smoking). Note the robust Pa peaks after smoking a cigarette. The latency pro- 
longation of Pa especially results in progressively less of an effect from the third as opposed to the 
first MLABP, probably because of the declining nicotine blood levels or tachyphylaxis or both. 
period of abstinence of smokers was considered to be 
6 to 15 hours. Mean -c SEM plasma nicotine concen- 
trations at the beginning and end were 19.8 f 3.6 and 
28.2 + 3.69 rig/ml in the smoking session (n = 8) and 
5.6 f 1.7 and 3.8 + 1.4 rig/ml in the abstinent session 
(n = 7). Mean + SEM plasma cotinine levels at the 
beginning and end were 245.6 + 35.3 and 256.2 + 29.8 
rig/ml in the smoking session (n = 8) and 213.2 f 25.7 
and 214.2 + 26.4 rig/ml in the abstinent session (n = 7). 
Mean f SEM alveolar carbon monoxide levels at the 
beginning and end were 5.4 + 1.0 and 7.0 + 0.92 ppm 
in the smoking session (n = 9) and 1.7 * 0.52 and 1.1 
+ 0.35 ppm in the abstinent sessions (n = 9). 
Middle latency auditory evoked potentials in non- 
smokers. Each MLAEP recording lasted about 2 min- 
utes and was repeated until three reliable MLAEP 
waves were obtained for each subject. This may have 
partially confounded the results because changes may 
exist in auditory brain responses from repeated trials, 
as occurs with some other AEP components.24 How- 
ever, both the smokers and nonsmokers were treated in 
the same manner. 
The MLAEPs showed considerable between- and 
within-subject variability. Nevertheless, the MLAEPs 
had a more or less consistent pattern and allowed one 
to identify the components, including Na and Pa and 
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Fig. 3. Line graphs of latencies ?nd peak-to-trough amplitudes of middle latency auditory evoked 
potentials in nonsmokers and smokers in the smoking and abstinent session. A, Time course of the 
latencies of positive peak V (lower panel), negative peak Na (middle panel), and positive peak Pa 
(upper panel). B, Time course of V-Na amplitude. C, Time course of Na-Pa amplitude. D, Time 
course of Pa-Nb amplitude. The latencies and peak-to-trough amplitudes of the MLAEP compo- 
nents are plotted against time after actual or sham smoking. *p < 0.05, **p < 0.01 compared with 
nonsmokers; #p < 0.05, #W p < 0.01 compared with the abstinent session in smokers. 
the early short latency components I through VI, for all 
subjects in both sessions. Potential PO could not be 
recorded reliably in ail subjects and sessions. The Nb 
potential latency was sometimes difficult to determine 
in a small number of instances in which a rather blunted 
Nb peak with latencies as late as 50 msec occurred. 
However, the Nb amplitude was more reliable because 
the line before and after this wave was almost isopo- 
tential or flat in most of the MLAEP. Therefore Nb 
amplitudes were used for further analysis in addition 
to the latencies and amplitudes of Na and Pa. 
Statistical analysis showed that none of the latencies 
or peak-to-trough amplitudes of the MLAEP compo- 
nents in nonsmokers differed significantly among the 
first, second, and third recordings either in the first or 
second session. There was no tendency toward change 
related to repetition of the procedures. These results as 
averaged waveforms are shown in Fig. 1. The averaged 
waveforms constructed from the nonsmokers’ first, sec- 
ond, and third MLAEP waves both in the first session 
(Fig. 1, A) and second session (Fig. 1, B) show a simi- 
lar highly reproducible pattern. As shown in Fig. 1, C, 
the two global averages were very replicable, indicat- 
ing that two separate experimental sessions produced 
reproducible early and middle latency AEP in this 
group of nonsmokers. It was impressive that early and 
middle latency AEP among nonsmokers acquired in 
repeated trials or in separate sessions appeared to be 
independent and highly reproducible events. 
Middle latency auditory evoked potentials after 
smoking and abstinence among cigarette smokers. 
Fig. 2 illustrates the averaged MLAEP of smokers. 
This average consisted of the first, second, and third 
replications in their abstinent (Fig. 2, A) and smoking 
(Fig. 2, B) sessions. These three tracings derived from 
the smoking or abstinent sessions were superimposed 
(Fig. 2, C and 0). As shown in this figure, the absti- 
nent smokers repeatedly had mean MLAEPs that were 
similar throughout the observation period. In contrast, 
in the smoking session, the peaks in the averaged 
MLAEP had much shorter latencies and larger ampli- 
tudes than in the abstinent session. The latencies and 
amplitudes tended to recover consistently during the 
course of repeated observation. In the smoking ses- 
sions, the time between the end of the preceding 
smoking and start of the first recordings (mean + 
SEM) was 1 minute and 33 seconds f 32 seconds 
(n = 9). Observations were made up to 9 minutes and 
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Fig. 4. Grand mean waveforms of the three middle latency auditory evoked potentials (MLAEP) 
obtained for smokers and nonsmokers. Tracing A, After cigarette smoking; tracing B, after partial 
abstinence; tracing C, the first session of nonsmokers. The MLAEP waves were averaged for each 
subject group, and the mean MLAEP waves were further averaged over the first, second, and third 
recordings. The MLAEP appear to be quite different in these three different sessions, in contrast to 
the early potentials with latencies less than 10 msec, which are more reproducible. 
25 seconds + 31 seconds (n = 9) after each smoked 
cigarette. As shown in Fig. 3, the Na and Pa latencies 
were significantly (noncorrelated t test p < 0.01) 
shorter after smoking than abstinence. Similarly, the 
peak-to-trough amplitudes of MLAEP components 
(including V-Na [Fig. 3, B], Na-Pa [Fig. 3, c], and Pa- 
Nb [Fig. 3, D] amplitudes) tended to be larger in the 
smoking sessions than during the abstinent sessions 
or for nonsmokers. 
To determine the global difference between MLAEP 
during smoking and abstinence, MLAEP obtained from 
all three recordings for each subject were averaged. 
When the averaged MLAEP over three repeated record- 
ings for each subject were further averaged across all 
smokers, Na and Pa latencies were significantly (p < 
0.05) shorter in the smoking than in the abstinent ses- 
sion In agreement with this finding, the averages of 
the peak-to-trough amplitudes for V-Na, Na-Pa, and Pa- 
Na over the three repeated measures tended to be larger 
in the smoking than in the abstinent session. 
Fig. 4 illustrates the global MLAEP averaged over 
the three MLAEP obtained throughout the three obser- 
vation periods in the smoking (tracing A) and abstinent 
sessions. The MLAEP averaged over about 9 minutes 
after cigarette smoking for all smokers had Na and Pa 
peaks with shorter latencies and larger amplitudes than 
the abstinent session or for nonsmokers. The early 
AEPs with latencies less than 10 msec appeared to be 
quite similar to each other, in contrast to the later 
MLAEP components. The early portion of the AEP is 
considered to represent brainstem AEP, which in this 
figure appear somewhat different from published early 
responses because of different conditions and a com- 
pressed time x-axis. 
Middle latency auditory evokedpotentials of smokers 
just after smoking compared with nonsmokers. 
Fig. 4 summarizes in graphic form the comparison 
between MLAEP for smokers after cigarette smoking 
(n = 9) and nonsmokers (first session, n = 10). Na and 
Pa latencies were significantly (p < 0.01) shorter after 
cigarette smoking than for nonsmokers. V-Na, Na-Pa, 
and Pa-Nb peak-to-trough amplitudes were also sig- 
nificantly (p < 0.05) larger after cigarette smoking 
than those for nonsmokers. Differences in these 
MLAEP indexes between smokers under smoking 
conditions and nonsmokers tended to be smaller in the 
course of three repeated recording periods. However, 
the averages of the three recordings of Na and Pa 
latencies and V-Na peak-to-trough amplitude differed 
significantly (p < 0.05) between the smokers’ smok- 
ing and nonsmokers’ sessions. As shown in Fig. 4, the 
global mean wave resulting from the three MLAEP in 
the smoking session for smokers (tracing A) had Na 
and Pa peaks with shorter latencies and larger ampli- 
tude than those in the nonsmokers’ first session (trac- 
ing C). Analyses also were performed with other pos- 
sible nonsmoker combinations, such as the second 
session or randomized arbitrary nonsmoker combina- 
tions in which data from half of the nonsmokers were 
collected from either the first and second sessions of 
nonsmokers versus smoker group combinations. Sim- 
ilar results were obtained. 
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Middle latency auditory evoked potentials for 
partially abstinent smokers compared with nonsmokers. 
The data are summarized in Fig. 4. The latencies of 
MLAEP tended to be slightly shorter for the abstinent 
smokers than the nonsmokers, but the differences 
between these two conditions were not significant. 
However, V-Na and Na-Pa peak-to-trough amplitudes 
were significantly (p < 0.05) larger for abstinent 
smokers than for nonsmokers. The Pa-Nb peak-to- 
trough amplitude also tended to be larger among absti- 
nent smokers. Averages of the V-Na and Na-Pa peak- 
to-trough amplitudes over three recordings were sig- 
nificantly (p < 0.05) larger among abstinent smokers 
(n = 9) than nonsmokers (n = 10). Additional analy- 
ses of other possible combinations of nonsmoker and 
abstinent smoker groups yielded similar results. 
DISCUSSION 
There is no question that MLAEP differ among 
smokers compared with nonsmokers, and early latency 
AEP do not. In addition, there are significant differ- 
ences between abstinent smokers and nonsmokers. The 
relevance of these findings can be appreciated only if 
one appreciates the neurophysiologic meaning of 
MLAEP, especially Na, Pa, and Nb. These waves were 
recorded from the vertex of the scalp. Although the neu- 
roanatomic pathways of MLAEP are not completely 
clarified, many studies suggest that wave Pa appears to 
involve mainly subcortical structures, including the 
thalamus or thalamocortical projections or both.25,26 
The peak Na has been shown to originate in the mid- 
brain region and project to the medial geniculate body 
and then to the temporal lobe.27 The early components 
of the AEP reflect rapid transmission in subcortical 
structures en route to the primary sensory cortex.28 
MLAEP involve neuronal activities that originate in the 
primary auditory pathways and nonprimary sensory 
pathways.26 Primary auditory pathways in the brain 
have fine frequency tuning and precise time-locked 
transmission. The nonprimary pathways are multi- 
modal, broadly tuned, and reflect attention and integra- 
tion of multimodality information.29 MLAEP recorded 
in the midline are associated more with the nonprimary 
neuronal areas in animals.30 Animal studies have shown 
that these components receive critical input from the 
mesencephalic reticular formation26 and that the ampli- 
tudes of these components reflect the subject’s state of 
arousal,16J7 as described earlier. 
Positive effects of tobacco cigarette smoking on 
middle latency auditory evoked potentials. Repeatedly 
recorded MLAEPs for smokers after cigarette smoking 
were compared with those of nonsmokers. There were 
some differences in the experimental conditions 
between the two groups. Smokers underwent blood 
sampling and cigarette smoking that were repeated 
before and during the laboratory session. Nonsmokers 
underwent neither. However, MLAEP among smokers 
decremented rather rapidly after cigarette smoking, 
suggesting either a small influence of venous blood 
sampling on MLAEP or the rapid decline in plasma 
nicotine concentrations resulting from a short half-life. 
Furthermore, the early components of AEP with laten- 
ties less than 10 msec appeared to be relatively unaf- 
fected, in contrast to the later MLAEP. Na and Pa laten- 
ties among smokers during the smoking session were 
significantly (p < 0.01) shorter than among nonsmok- 
ers. Although latencies for MLAEP do not directly 
reflect the time for auditory sensory information to be 
transmitted to the auditory cortex, the foregoing tind- 
ing suggests that complex sensory information process- 
ing between the brainstem and thalamocortical rever- 
berations is more rapid among smokers after smoking 
than among nonsmokers, especially for peak Pa. In 
agreement with the latency changes for MLAEP, V-Na, 
Na-Pa, and Pa-Nb peak-to-trough amplitudes also were 
larger among smokers after smoking than among non- 
smokers, suggesting association with a higher arousal 
level among smokers when repeatedly smoking than 
among nonsmokers. The Pa amplitude reflects stimula- 
tion of the mesencephalic reticular formation and cor- 
relates with the arousal level. Therefore our results sug- 
gest that tobacco smoking may induce a higher arousal 
level, presumably caused by activation of the mesen- 
cephalic reticular formation. 
The marked differences in MLAEP between smok- 
ers after smoking and nonsmokers decreased over the 
course of the repeated recordings in a 9- to lo-minute 
period. Because repetition of recording by itself did not 
produce any appreciable change in MLAEP in the con- 
trol subjects, this time-dependent reduction of MLAEP 
appears to be associated with rapid decay in plasma 
nicotine concentrations after smoking one ciga- 
rette.19T20 Pharmacodynamic adaptation or tachyphy- 
laxis may also play a role. Cigarette smoking appears 
to enable smokers to undergo, in relatively a short 
period of 10 minutes or so, various arousal levels. 
Although higher arousal levels do not necessarily result 
in better overall mental functioning,31 our results sug- 
gest that smokers take advantage of the stimulating 
effects of nicotine. Better mental functioning or an opti- 
mal arousal level may yield subjective pleasure, inas- 
much as targeting an optimal arousal level seems to be 
self-rewarding.32 Thus the positive effects of smoking 
cigarettes on sensory information processing, along 
578 Kisbimoto and Domino 
with an increase in arousal level (exemplified by 
changes in MLAEP), may be associated with the posi- 
tive reinforcing properties of nicotine. 
Changes in MLAEP indexes induced by tobacco 
smoking appeared to be more closely correlated with 
plasma concentration of nicotine, roughly showing con- 
centration-dependent MLAEP responses to nicotine 
across smokers, rather than with inhalation behavior. 
Negative effect of tobacco abstinence on middle 
latency auditory evoked potentials. The MLAEP in the 
smoking and abstinent sessions of smokers were com- 
pared. The abstinent session was designed so that the 
smokers were supposed to have been deprived of both 
nicotine and smoking for at least 6 to 15 hours. Smok- 
ing sessions were designed to resemble the smoker’s 
usual smoking behavior. Smokers deprived of smoking 
for at least 6 hours had mean MLAEPs of smaller 
amplitude and longer latency than when they smoked. 
Robust peaks in MLAEP in the smoking sessions 
showed time-dependent depression over 9 to 10 min- 
utes. On the other hand, the latencies and amplitudes 
of MLAEP of smokers after partial abstinence and non- 
smoking healthy subjects were relatively constant 
throughout the observation period. Furthermore, the 
early AEP with latencies less than 10 msec appeared 
quite replicable for all three groups, in contrast to the 
later MLAEP. These results suggest relatively poor 
information processing in the responsible pathways 
above the brainstem, including the auditory and asso- 
ciation cortex, among abstinent smokers compared with 
those repeatedly smoking cigarettes. Such poor func- 
tioning after partial abstinence may discourage smok- 
ers from smoking abstinence. 
Depression of MLAEP among smokers after partial 
abstinence is not necessarily evidence of physical depen- 
dence with associated neuronal changes. An unexpected 
finding was that compared with nonsmokers, some 
tobacco smokers had MLAEP indexes that suggested a 
more stimulated brain state even after abstinence. A few 
of the smokers reported drowsiness during their absti- 
nent session. The 6- to 15-hour period of tobacco absti- 
nence used in this study may not be long enough to pro- 
duce a full nicotine withdrawal syndrome for most smok- 
ers. Our results agree with those in other reports in which 
withdrawal syndromes after tobacco abstinence of 1 hour 
to 21 days were examined. 5J53-35 Because plasma nico- 
tine levels indicated that two of the nine smokers were 
probably not completely abstinent, our results may be 
attributable to lack of compliance and lack of truthful- 
ness on the part of smokers.22323 
Behavioral arousal appears to result from a dynamic 
equilibrium between the reticular activating system, 
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which provides a tonic background of neocortical 
responsiveness, and the limbic system, which focuses 
attention on relevant factors.31 Auditory information is 
known to be transmitted to limbic structures, such as 
the hippocampus, and to the basal forebrain. Nicotine 
is known to act on these structures to modulate cholin- 
ergic gating of auditory information.36337 Animal stud- 
ies have shown that the rewarding effects of nicotine 
involve brain areas closely associated with these struc- 
tures.38 A wider range of AEP, especially studied in 
combination with behavioral end points, may provide 
better insight into the motivation for tobacco smoking 
and its relation to neuropsychologic factors such as 
arousal, attention, and cognition. Nevertheless, the 
results of this study support the notion that tobacco 
smoking is maintained by its positive effect on infor- 
mation processing and avoidance of its relative reduc- 
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